Abstract
Introduction
Traumatic head injuries tend to cause concussion, which is typically not a transient loss of consciousness (TLOC). However, head trauma may also present as TLOC and currently such loss of consciousness is classified as traumatic in origin, in contrast to non-traumatic forms [1] . The mechanism of this concussive TLOC caused by head trauma is thought to be a 'functional deafferentation' of the cortex as a consequence of diffuse mechanically induced depolarization and synchronized discharge of cortical neurons [2, 3] . It is well known that injuries, both serious and minor, of other parts of the body than the head may provoke TLOC of reflex origin. Blood drawing, injection, piercing, and orthopedic arthroscopy have been reported to induce vasovagal syncope [4] [5] [6] . A tilt testing protocol involving subcutaneous insertion of a needle into the dorsum of hand after 10 min of passive tilt has been shown to have similar to conventional tilt protocols sensitivity and specificity [7] . Further, factors, which often accompany head injury such as sudden and severe emotional distress, pain, sight of blood and wounding, have the potential to provoke reflex syncope [4] .
It is estimated that about 20% of all head injuries are accompanied by TLOC [8] . However, the exact proportion is not known and may vary depending on the selection criteria. As the awareness about dangers related to head trauma is growing, the increasing number of patients with head injury has been recently observed at Emergency Departments (ED) [9] . The occurrence of TLOC as a result of head trauma has been associated with the increased risk of intracranial injury. However, many without intracranial injury sustain TLOC during minimal or mild head trauma, which diminishes the predictive value of TLOC for intracranial damage [10] [11] [12] . The aim of this study was to explore the past history of syncope and head injuries among consecutive ED patients. We hypothesized that past history of syncope may predict loss of consciousness after head trauma.
Methods
A retrospective analysis of data obtained from 818 consecutive patients admitted to ED of 2 acute hospitals in Poland was conducted. The regional hospital in Zgorzelec (n = 603, September 1 -December 31, 2012) and the Copernicus Memorial Hospital in Lodz (n = 215, January 3 -January 24, 2014) contributed sequentially to the data collection. Unconscious patients and those with altered mental state were excluded, and 1 patient refused participation. Face-to-face semi--structured interviews were performed. Patients were asked about their past history of syncope and head injury. The following data were collected: the cause of admission to the ED, the history of past head injuries and their circumstances: age, the total number of past head injuries, the mechanisms of head injuries, signs and symptoms related to head trauma (headache, loss of consciousness, amnesia, nausea/vomiting, bleeding from nose or ear) and how the head injury was managed (medical consultation, suture of wounds, head computerized tomography or magnetic resonance imaging, hospitalization, and surgery). In case the patient reported more than 1 event of head trauma, each event was separately assessed. Each event of head injury was stratified as being a high-(high-speed road traffic accident either as pedestrian, cyclist or vehicle occupant, fall from a height, high-speed injury from a projectile or other object, beating, etc.) or low-energy trauma (falling from upright position i.e. at ground level or low-speed injury from an object) according to the literature [12] [13] [14] . Data regarding past syncopal events were explored in regard to number, age at the first occurrence and syncope circumstances (i.e. prolonged standing, rapid standing, instrumentation, injection, blood sight, pain, emotional distress, or no apparent reason). If syncope scenario was that of a typical vasovagal reflex (i.e. involving typical triggers and prodrome), the past episode of TLOC was classified as vasovagal [1] .
The Bioethical Commission of the Medical University of Lodz approved the study protocol.
Statistical analysis
The continuous variables were presented as means and standard deviations or medians and interquartile range depending on their mode of distribution. The categorical variables were presented as numbers and percentages. The past head trauma events related to syncope or epilepsy were excluded from the analysis. Logistic regression model was applied to assess the relationship between loss of consciousness during head injury and past history of syncope. In the multivariate-adjusted model the following confounders were entered: age, gender, and high-energy trauma. P-value < 0.05 was regarded as significant.
Results
The clinical characteristics of study group (n = 818) are shown in Table 1 . A total of 319 www.cardiologyjournal.org (39.0%) patients reported previous head injury. As some patients reported more than 1 past incident of head injury, the total number of reported events was 418. Of these, we excluded 15 (3.6%) events, which were caused by syncope-related falls, and 3 (0.7%), which were due to epileptic seizure (Fig. 1) . The main injury mechanism, proportions of patients with positive non-traumatic TLOC history, and proportions of males in each etiological group are presented in Table 2 , whereas clinical characteristics and management of the reported head injuries are shown in Table 3 .
As can be further seen in Table 1 , a total of 175 (21.4%) patients reported at least 1 past non- Table 2 . Past head trauma episodes (n = 400)* in relation to the mechanism of head injury and gender reported by 301 of 818 emergency patients. 
Multivariate analysis Both past history of non-traumatic TLOC (odds ratio [OR] 3.78; 95% confidence interval [CI]
2.13-6.68, p < 0.001) and high-energy mechanism of head injury (OR 3.84, 95% CI 2.35-6.28, p < < 0.001) predicted loss of consciousness after head trauma. The relationship between positive syncope history and loss of consciousness due to head trauma was even stronger when past syncope episodes were limited to those with typical vasovagal reflex pattern (OR 4.34, 95% CI 2.34-7.89, p < 0.001). Further, the number of non-traumatic TLOC episodes in the patient's history was also predictive of TLOC after head injury (OR per 1 episode 1.24, 95% CI 1.04-1.48, p = 0.015).
Discussion
The main finding of the study was that history of vasovagal (reflex) syncope predicts loss of consciousness after head injury independently of age, gender, and the mechanism of injury. The exact mechanism of a particular loss of consciousness after head trauma cannot be established in a retrospective study. However, if the estimated trauma energy is comparably low, the higher incidence of loss of consciousness in patients with past history of syncope compared with those without suggests other than purely traumatic mechanism. Pain, emotional stress, and sight of blood, all present during the head injury, are typical vasovagal reflex triggers [1] . We, therefore, propose that higher fainting rate after head trauma among patients with positive syncope history depends on the increased reflex susceptibility indicated by past syncope events, in contrast to high-energy trauma that leads to unconsciousness, which may be relatively transient, by concussion and not via a reflex mechanism. Injuries are the third most common cause of death after cardiovascular disease and cancer. About half of the deaths due to injuries occur as a result of head injuries [12] . The number of hospital admissions due to head injury is approximately 250-300/100,000 per year, and the number of patients with head injury not meriting admission is many times greater [9, 12, 15] . Loss of consciousness, amnesia, headache, vomiting, earlier abuse of alcohol are risk factors for intracranial injury and constitute indications for computerized tomography of head. In this context, loss of consciousness after head trauma, although considered to be a very important symptom, has a surprisingly low predictive value for determining clinically significant brain injury [10, 12, [16] [17] [18] In this study, 25% of head trauma episodes led to unconsciousness. The higher incidence of TLOC after head trauma (> 30%) observed by Roitman [19] may be explained by a higher proportion of traffic accidents (high-energy) in that cohort compared with our study. In another study, where head trauma was due to traffic accidents in 10% cases only, loss of consciousness was observed in fewer patients (20%) than in our study [20] .
Syncope after head trauma seems to be more frequent than that during medical procedures. However, among various medical procedures, the rate of syncopal events depends on the type of procedure being about 0.01% for vaccination, and 1% for colonoscopy or transthoracic pleural biopsy, up to 5.1% during diagnostic injection [21] [22] [23] [24] . It may be presumed that head trauma evokes a high level of emotion, especially if associated with skin injury, pain, bleeding etc. being more prone to provoke reflex syncope than vaccination or professional sampling of blood. Interestingly, a belief of significant blood loss is associated with increased risk of vasovagal symptoms during blood donation, irrespective of actual blood loss [25] . CT -computerized tomography; MRI -magnetic resonance imaging; ICU -intensive care unit; *Some patients reported multiple past head-trauma episodes, and each episode was assessed separately, hence the higher number of episodes than patients; head--trauma episodes caused by epilepsy or primary syncope were excluded (n = 18)
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This study throws light on the difficult ED question of whether the loss of consciousness during head injury may be applied as a marker of trauma severity. In many cases this is an easy question to answer but in some the question is crucial to the proper management of patient. If there is a previous history of reflex syncope in unclear trauma circumstances, consideration must be given that syncope has recurred due to head trauma, which operated as a reflex trigger, and, accordingly, a different management approach will be needed. However, the trauma scenario may be more complicated. An example of such an event might be a patient found unconscious at the bottom of a flight of stairs. A head injury has been sustained and the patient is unable to explain the sequence of events leading to the trauma. Even if there is a previous history of reflex syncope, testing may be indicated to ascertain the most probable mechanism of trauma and/or syncope, perhaps by implantation of an electrocardiographic loop recorder.
Limitations of the study
The main limitation of the study is its retrospective character and its inherent characteristics: missing or incomplete data resulting from difficulty in recalling facts. Two particular limitations are thereby implied. The first is that as there is no 'gold standard' for syncope diagnosis from the history, there is a limitation in precision of diagnosis and, secondly, in the cases of reflex syncope diagnosis this same limitation is also pertinent. The severity and site of traumatic brain injury were not assessed because only retrospective data regarding the circumstances of head injuries and their clinical presentations were collected. For the same reason, the information describing history of drug or/and alcohol dependence as well Glasgow Coma Scale were not collected. Studying patients at the ED has probably limited the study sample to those who are more active in observing and giving attention to their medical problems.
Conclusions
1. Syncope in a patient's history is an independent predictor of loss of consciousness after a head injury. 2. The clinical importance of this finding merits further investigation.
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